This study was carried out on the sea bass (Dicentrarchus labrax) to follow, during development, the appearance and distribution of substance P (SP) and vasoactive intestinal peptide (VIP), which act on gut motility. The results suggest that SP and VIP play an important role as neuromodulators, influencing the motility of the digestive tract starting from the early stages of gut development, even prior to exotrophic feeding. In the peptidergic nervous system, the appearance of immunoreactivity to SP began at the rectum and followed a distal to proximal gradient, whereas for VIP, it began proximally and progressed along a proximal to distal gradient. The two peptides also appeared in gut epithelial cells. In some regions, all the cells were positive. From this distribution of positive cells, we conclude that these peptides may also have other roles, besides being neurotransmitters in the enteric nervous system and hormones of the gastro-enteropancreatic system. VIP and SP might have paracrine and/or autocrine activity in the physiological maturation of the gut epithelium, as it has already been hypothesised for other peptides.
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This study was carried out on the sea bass (Dicentrarchus labrax) to follow, during development, the appearance and distribution of substance P (SP) and vasoactive intestinal peptide (VIP), which act on gut motility. The results suggest that SP and VIP play an important role as neuromodulators, influencing the motility of the digestive tract starting from the early stages of gut development, even prior to exotrophic feeding. In the peptidergic nervous system, the appearance of immunoreactivity to SP began at the rectum and followed a distal to proximal gradient, whereas for VIP, it began proximally and progressed along a proximal to distal gradient. The two peptides also appeared in gut epithelial cells. In some regions, all the cells were positive. From this distribution of positive cells, we conclude that these peptides may also have other roles, besides being neurotransmitters in the enteric nervous system and hormones of the gastro-enteropancreatic system. VIP and SP might have paracrine and/or autocrine activity in the physiological maturation of the gut epithelium, as it has already been hypothesised for other peptides.
I n recent years, much teleost research has focused on immunohistochemical localisation of regulatory peptides of the gut of adults (Langer et al., 1979; Holmgren et al., 1982; Rombout and Taverne-Thiele, 1982; Rombout and Reinecke, 1984; Rombout et al., 1986; Elbal and Aguillero, 1986; Elbal et al., 1988; Beorleugui et al., 1992; Pederzoli et al., 1996 , Visus et al., 1996 .
Instead, few studies have tracked the appearance of gut peptides in teleosts during development (L'Hermite et al., 1985; Garcìa Hernandez et al., 1994; Reinecke et al., 1997) . Nonetheless, the period after hatching is one of the most interesting and variable. Teleost larvae, which are very small functionally independent vertebrates, undergo a daily increase in adaptability, and many organs differentiate and become active. These concerted processes require an early nervous and endocrine integration.
Our goal was to examine some features of the intramural nervous system during the early larval phases of Dicentrarchus labrax, a species of commercial interest of which the development of the gut and the ontogeny of the gastro-entero-pancreatic system (GEP) are known (Garcìa Hernandez et al., 1994; . We carried out immunohistochemical tests to follow the appearance and distribution of substance P (SP) and vasoactive intestinal peptide (VIP), which act on gut motility.
The distension of the intestine by a passing bolus generates two separate reflexes of the circular muscle layer; an ascending orally directed excitatory reflex and a descending anally directed inibitory reflex. A general pattern can be observed in mammals; the descending neurons often contain the relaxing agents nitric oxide (NO) and/or VIP, whereas the ascending motor neurons use acetylcholine and SP or related peptides of the tachykinin group, as primary transmitters (Karila et al., 1998) . Physiological and immunohistochemical experiments have made clear that many of these substances found in mammals also have an effect in the fish gastrointestinal canal (see Olsson and Holmgren, 2001 ).
Materials and Methods
Larvae of Dicentrarchus labrax (L.) at 2, 4, 12 and 18 days after hatching (respectively about 3, 5, 7 and 8 mm in length) were obtained from the aquaculture "Valle Figheri" fishfarm, Lova (Venice, Italy). In this fishfarm, the standard rearing conditions were: 24 h light photoperiod at 16-18°C temperature, and 40‰ salinity for the first 12 days. Subsequently, the salinity was lowered to 30‰.The diet consisted of rotifers supplied from days 5 to 16 and newly hatched Artemia starting from day 10.
Specimens (20 for each stage) were fixed in toto in Bouin's fluid, embedded in paraffin and cut in 7 µm transversal sections.
Some slides for each stage were processed with hematoxylin-eosine for light microscopic examination of the normal alimentary architecture, and the other slides for each stage were processed with the biotin-avidin immunohistochemistry technique utilising the following polyclonal antibodies from rabbit: anti SP (Cambridge Research Biochemical, U.K.) titer 1:500; anti VIP (Amersham, U.K.) titer 1:500.
Slides were rinsed three times in 0.01 M PBS, pH 7.4 and incubated for 30 min in 0.3% H2O2 to block endogenous peroxidase activity, then placed in PBS containing 0.3% Triton X-100 and blocked with 5% normal goat serum (DAKO, Denmark) for 30 min. The slides were incubated with the primary antibody in a moist chamber at 4°C overnight (40 hours for anti-SP). Subsequently, they were rinsed with PBS and incubated for 30 min at room temperature with the secondary biotinylated goat antirabbit antibody (titer 1:300) (DAKO, Denmark). After rinsing in PBS and 0.1M Tris pH 7.6, the prepations were incubated with avidin-biotin complex (ABC, Vector, Vectastain, Burlingame, CA, USA) in Tris for 45 min at room temperature. The reaction was visualized with 3,3'-diaminobenzidine tetrahydrochloride (10 mg/15 mL Tris) (Sigma). Immunostaining was allowed to develop in 4-10 min with 10-12 mL of 30% H2O2.
The specificity of the reactions was checked by omitting the primary antibodies or by preadsorbing them in liquid phase with the homologous antigens (50 mg/mL diluted antiserum). All sections were rinsed in Tris and aqua fontis dehydrated and mounted in Eukitt, and observed in a Zeiss Axioscop microscope, according to Nomarski.
Results

2-day-old specimens
The gut of these larvae was undifferentiated and still closed at both limbs; no immunoreactivity (IR) to immunohistochemical reactions was detected.
4-day-old specimens
These larvae presented a buccal aperture but the gut was still at an early stage of differentiation.The pharynx led into the alimentary canal, in which three regions were discernible: a cephalic region with stratified epithelium and narrow lumen, a mid region with simple columnar epithelium and larger lumen, and a valve structure opening into the rectum, which terminated in a cul de sac. Though differentiation was minimal, all epithelial cells positive to SP (Figure 1a) were observed in the cephalic region. VIP-positive fibers were present in the fold axis of the cephalic (Figure 1b) and mid region.
12-day-old specimens
In these specimens the gut appeared differentiated into various regions: pharynx, oesophagus, stomach and intestine. The intestinal epithelium was raised into folds that decreased in height proceeding caudally, up to at the valve structure that was well differentiated at this stage. In the rectum, the lumen became wide and the epithelium gradually flattened, terminating in the anal aperture. Numerous epithelial cells immunopositive to SP were present, but only in the oesophageal region (Figure 1c ). Nerve cells immunoreactive to SP were present in the wall of the posterior gut. Nerve fibers intensely positive to VIP were identified in the gut wall (adjacent to the epithelium) of the oesophageal region (Figure 1d ). This IR decreased in intensity caudally and was absent in the intestine.
18-day-old specimens
In these specimens the general morphology of the gut did not differ significantly from that of the previous stage. Epithelial cells immunoreactive to SP were present in limited numbers in the pharynx, whereas they were well represented in the oesophagus; in the stomach, these cells appeared concentrated in the ventral region ( Figure 2a ) and then thinned out, disappearing in the anterior intestine only to reappear in the rectum. At the posterior intestine and rectum, neurons positive to SP appeared in the wall (Figure 2c, d ). Imunoreactivity to VIP was localised in nerve fibers from the oesophagus to the end of the intestine. Moreover, many epithelial cells immunopossitive to VIP appeared in the stomach and duodenum; in some tracts, all the cells of a section showed VIP-IR (Figure 2b ).
The controls obtained by omitting the primary antibodies or preadsorbing them in liquid phase with the homologous antigens were negative.
Discussion
It is known that larval development in fish is strictly dependent on breeding conditions, such as temperature, salinity and photoperiod (Blaxter, 1988) . In particular, the hatching rates and the hatching time of D. labrax eggs are strongly influenced by a small difference in temperature (2°C) (Saka et al., 2001) . Under the conditions used at "Valle Figheri", 4-day-old larvae, though bearing an evident yolk sac, already had a mouth, whereas 18-day-old larvae had just completed resorption of the yolk sac. These features led to the choice of the stages, with the aim of correlating the appearance of VIP and SP with morphological differentiation and/or transition to exotrophic feeding. Four phases have been described by Garcìa Hernandez et al. (2001) for developing gut in the sea bass: phase I, a lecitotrophic period from hatching to the opening of the mouth; phase II, a lecitoexotrophic period from the opening of the mouth to the complete resorption of the yolk sac; phase III, an exclusively exotrophic period from the complete resorption of the yolk to the appearance of the first gastric glands; phase IV, from the appearance of the first gastric glands onwards. Thus, in this study we examined the phases I-II-III. Studies evaluating the appearance of the capacity to absorb lipids and proteins during transition to the exotrophic phase in D. labrax have demonstrated the importance of a diet based on Artemia and shrimps over artificial feeding in promoting adequate gut development (Deplano et al., 1991 a, b) . Thus, we believe that the present results, obtained from larvae fed with Artemia and rotifers, describe a picture that more closely reflects development in a natural environment.
Tachykinins-IR has been demonstrated in the gastrointestinal tract of all vertebrates (see Jensen and Holmgren, 1994) . In the context of this family of peptides, SP has been localised in the neurons of the myenteric plexus and circular muscle layer of the Atlantic cod (Karila et al., 1998) . VIP immunoreactive nerve cell bodies are found in the myenteric plexus of most vertebrates investigated, including teleosts; the submucosal plexus of teleosts presents only VIP-positive fibers (see Olsson and Holmgren, 2001) . A general pattern that emerges is that the descending inhibitory reflex pathway often uses VIP/PACAP and NO, whereas the excitatory ascending way uses SP or related tachykinins (Olsson and Holmgren, 2001) .
During development of the sea bass, VIP-IR appears in nerve fibers of the anterior gut region from 4 days after hatching, whereas SP-IR appears in the neurons of the terminal region from 12 days after hatching. As development progresses, IR for these two peptides extends to other regions. Our data on the gut of the sea bass allow us to assert that the appearance of SP in the peptidergic nervous system begins from the rectum and follows a distal to proximal gradient, whereas VIP-IR begins proximally and progresses along a proximal to distal gradient.
The present results suggest that SP and VIP play an important role as neuromodulators, influencing the motility of the digestive tract from the early stages of development of D. labrax. Even to 5-HT, present in the epithelium of the presumptive rectum of the same species before exotrophic feeding, has been assigned a role as a chemical inductor of motility during development (Garcìa Hernandez et al., 1994) . The expression of the molecules involved in intestinal motility thus begins prior to exotrophic feeding.
The two peptides examined here also appear in gut epithelial cells. As a rule, the gastrointestinal hormones are produced in some cells of the GEP, localised between epithelial cells. Instead, in our specimens, SP-IR was detected from 4 days after hatching in all epithelial cells of the cephalic region; successively SP-IR extended to other regions of the gut and particularly in the rectum. VIP-IR is detected in all epithelial cells of the stomach at 18 days after hatching. Thus, for the distribution of IR-cells, we conclude that these molecules may also have other roles besides those of neurotransmitters of the enteric nervous system and hormones of the GEP system. The appearance of SP and VIP in epithelial cells even in 4-day-old specimens and 18-day-old specimens, respectively, may suggest that these substances also have paracrine and/or autocrine activity in the physiological maturation of the gut epithelium. A regulatory activity on cell growth in the gut has been hypothesised for other peptides, such as glucagon (Jasleen et al., 2000) and peptide YY (Mannon, 2002) .
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